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Phenyloxazolones are useful as cardiotonics in the treat-
ment of heart failure and enhance cardiac function.
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1
CARDIOTONIC PHENYL OXAZOLONES

This is a divisional, of application Serial No. 797,378,
filed Nov. 13, 1985.

BACKGROUND OF THE INVENTION

This invention relates to the use of certain phenyl
oxazolones as cardiotonics in the treatment of heart
failure.

Heart failure is that physiological condition resuiting
from the inability of the ventricular myocardium to
maintain adequate blood flow to the peripheral body
tissues and includes congestive heart failure, backward
and forward heat failure, right ventricular and left ven-
tricular heart failure, and low-output heart failure.
Heart failure can be caused by myocardial ischemia,
myocardial infarction, excessive alcohol usage, pulmo-
nary embolism, infection, anemia, arrhythmias, and
systemic hypertension. Symptoms include tachycardia,
fatigue with exertion, dyspnea, orthopnea and pulmo-
nary edema.

Treatment involves either removal or correction of
the underlying cause or involves control of the heart
failure state. Management or control can be accom-
plished by increasing cardiac output or by decreasing
cardiac work load. While work load can be reduced by
reduction of physical activities and physical and emo-
tional rest, increasing cardiac output has traditionally
involved therapy with digitalis or a digitalis glycoside
and more recently vasodilator therapy. Digitalis stimu-
lates contractile force of the heart which increases car-
diac output and improves ventricular emptying. In this
way, digitalis therapy normalizes venous pressure and
reduces peripheral vasoconstriction, circulatory con-
gestion and organ hypoperfusion.

Unfortunately, optimal does of digitalis vary with the
patient’s age, size and condition and the therapeutic to
toxic ratio is quite narrow. In most patients the lethal
dose is only about five to ten times the minimal effective
dose with toxic effects becoming apparent at only 1.5 to
2.0 times the effective dose. For these reasons, dose
must be carefully tailored to suit the individual and
frequent clinical examination and electrocardiogram are
necessary to detect early signs of digitalis intoxication.
Despite this care digitalis intoxication is reported in up
to one-fifth of hospitalized patients undergoing therapy.

Vasodilator therapy increases cardiac output and
improves ventricular emptying by reducing the sys-
temic blood pressure against which the heart must
pump. However, in severe heart failure a vasocilator
alone may not improve cardiac function sufficiently due
to the weakness of the myocardial contractility necessi-
tating the concomitant use of digitalis, Moreover a
rapid tolerance has been reported to develop to the
effects of vasodilator therapy in heart failure patients.
The need for less toxic and more effective cardiotonic
agents is readily apparent. Applicants have discovered
certain phenyl oxazolones which possess potent cardio-
tonic activity and by comparison to digitalis have few
toxic effects.
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wherein Y is an oxygen or sulfur group;

Riis a hydrogen or a (C1-Cs) alkyl group when R 1s
R;

‘Rais a hydrogen or a (C1-Cs) alkyl group when Rj1s
R;

R is a2 phenyl group optionally substituted with one or
two members of the group consisting of (C1-Cs) alkyl,
(C1-Cs) alkoxy, (C1~Cs) alkyllthio, (Ci-Cs) alkylsulfi-
nyl, (C1-Cs) alkylsulfonyl, hydroxy, halogen, trifiuoro-
methyl, cyano, carboxy, carb(C;-Cs) alkyoxy, car-
bamido, (C;~Cs) alkanoylamino, imidazolyl or with a
methylenedioxy group. The compounds enhance myo-
cardial contractile force and are useful as cardiotonics
in the treatment of heart failure.

DETAILED DESCRIPTION OF THE
INVENTION

The formula 1 compounds exist in several tautomeric.

- Throughout this disclosure, phenyl oxazolones of for-
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SUMMARY OF THE INVENTION

This invention is directed to the use of phenyl oxazo-
lones of formula 1 |

mula 1 are intended to include these tautomers as well.

The ring nitrogen of the formula 1 compounds can be
substituted with a (C1-Cs) alkyl group, an alkanoyl
group such as an acetyl group, or a benzoyl group.
These nitrogen substituted compounds are equivalent to
the unsubstituted compounds primarily because the
substituent is cleaned upon administration to a patient
but also because many of the nitrogen substituted com-
pounds independently possess significant ability to en-
hance myocardial contractile force and are useful car-
diotonic agents.

As used herein the term (C1~Cs) alkyl and the alkyl
portion of the alkoxy, alkylthio, alkylsulfinyl, alkysulfo-
nyl, carbalkoxy and carbamidoalkanoyl groups means a
straight or branched alkyl group of from one to five
carbon atoms. Illustrative examples of a Ci- alkyl group
are methyl, ethyl, isopropyl, butyl, sec-butyl and pentyl.
The term halogen means a fluoro, chloro, bromo or
iodo group. Imidazolyl includes 1-, 2-, 3-, 4- and 5 imid-
azolyi.

As is true for most classes of therapeutically effective
compounds, certain subclasses are more effective than
others. In this instance those compounds of formula 1
wherein Y is an oxo group are preferred. Also preferred
are those compounds wherein R is a (C1-Cs) alkyl
group or wherein R; is a (C-Cs) alkyl group. More
preferred are those compounds of formula 1 wherein
R; is a (C1-Cs) alkyl group and Ry is an optionally
substituted phenyl. The most preferred compounds of
formula 1 are those wherein R is a methyl, ethyl or
propyl group and wherein R; is a substituted phenyl
group.

The comipounds of formula 1 can be prepared by
standard techniques analagously known in the art. In
fact many of the formula 1 compounds are reported 1n
the chemical literature. For example those compounds
of formula 1 wherein R3 is a hydrogen group can be
prepared by the procedures described in U.S. patent

3,879,410.
In another general procedure a bromoketone of for-

mula 2ZA or 2B
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wherein R and R, are as defined above 1s allowed to
react with a cyanate or thiocyanate salt preferably so-
dium or potassium cyanate or thiocyanate to form the
corresponding isocyanate or isothiocyanate of formula

3A or 3B

ﬁ A
Rh\r,#“uRz
NCY
NCY 3B
:RhH#’HLHRZ
I
O

wherein Y, Rior R, are as defined above. This reaction
can be performed by mixing the bromoketone with
from about 1 to 5 molar equivalents of the cyanate or
thiocyanate salt in a suitable solvent. The reaction is
allowed to proceed for about 5 minutes to about 10
hours depending on the reactants, the solvent and the
temperature which can be from about 0° to 100° C,,
preferably about 80° C. A suitable solvent 1s any non-
reactive solvent such as water or water miscible solvent
for example an organic acid such as acetic acid, an
alcohol such as methanol or ethanol or an ether such as
tetrahydrofuran or p-dioxan. Preferably any nonaque-
ous solvent is mixed with water. The preferred solvent
iIs water. The product can be isolated and purified by

any suitable procedure. The resulting compound of

formula 4 when heated, typically as a melt at from 90°
to 110° C., without solvent, cyclizes to form a com-
pound of formula 1.

Another procedure involves allowing a hydroxyke-
tone of structure 4A or 4B.

ﬁ 4A
R
L\r,f“ukz
OH
OH 4B
Rh\f”#LhR
2
|
O

wherein R and R are as defined above to react with a
cyanate or thiocyanate salt in the presence of an acid.
Here again the cyanate or thiocyanate salt is typically
sodium or potassium cyanate or thiocyanate. The acid
can be any suitable acid such as hydrochloric acid. This
reaction is normally performed in aqueous solution but
any other organic solvent may be used. The reactants
are mixed typically with a molar excess of the cyanate
or thiocyanate salt and allowed to react for from 10
minutes to about a day at from 0° to 100° C., preferably
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4 -
from 25° to 80° C. The product is isolated and purified
by conventional means such as by solvent removal and
chromatography followed by recrystallization, typi-
cally from ethanol.

The bromo-ketones of formula 2A and 2B are either
known in the art or can be readily prepared by standard
techniques. For example the des-bromo analog of a
structure 2A or 2B compound can be treated with bro-
mine. Where the group adjacent to the carbon to be
brominated is a hydrogen or a (C;-Cs ) alkyl group, a
radical initiator can be used to promote the bromina-
tion. Suitable initiators include iron metal and N-
bromosuccinimide. The bromination can also be accom-
plished by addition of concentrated hydrobromic acid,
typically 48% aqueous hydrobromic acid, to a solution
containing the des-bromo compound.

The structure 4A or 4B hydroxy-ketones can also be
readily prepared in any suitable manner. For example a
structure 2A or 2B bromo-ketone can be allowed to
react with an acetate salt, preferably potassium acetate,
to form the corresponding acetyloxy-ketone which
upon treatment with an acid, such as hydrochloric acid,
yields the desired structure 4A or 4B compound. This
nucleophilic substitution reaction is performed by mix-
ing the reactants preferably with an excess of acetate
salt, and allowing the reaction to proceed from 10 min-
utes to 1 day, typically from 1 to 6 hours, depending on
the reactants, the solvents, and the temperature which
can be from 0° to 120° C., preferably from 25° to 80° C.
Suitable solvents are any nonreactive solvent but those
organic solvents which promote nucleophilic reactions
are preferred including dimethyiformamide, dimethyl-
sulfoxide, diethyl ether, tetrahydrofuran and p-dioxan.
Acetonitrile 1s the most preferred solvent. This reaction
may be promoted by the presence of a chelating agent
to trap the cation of the acetate salt. The Crown ethers
are particularly effective. When potassium acetate is the
acetate salt utilized, the crown ether known as 18-
crown-6 1s especially eftective.

The structure 4A and 4B hydroxyketones can also be
prepared by the acid catalyzed saponification of a com-
pound of structure 5A or 5B

ﬁ 5A
Rhﬂr#fﬁhRZ
O—C—CHj;
|
O
ﬁ 5B
O-—C—CH;
Rha,ffL“RZ

O

wherein R and R; are as defined above. In many of the
saponifications performed by the applicants, a concur-
rent transposition of the hydroxy and keto functionali-
ties occurred. Thus many of the structure 5A com-
pounds when saponified result in a hydroxy-ketone of
structure 4B and many of the structure 5B compounds
result in a structure 4A kydroxy-ketone. Presently ap-
plicants are unable to predict with certainty whether
the transposition will occur because apparently subtle
differences in the reactant are determinative. For exam-
ple the structure 3A compound wherein R is an ehtyl
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group and R; is a 4-pyridyl group which saponified
results in the transposed structure 4B compound while
the closely analogous structure SA compound wherein
R, is an ehtyl group and R; is a 2-pyridyl group results
in the nontransposed structure 4A compound. Many
such saponifications result in mixtures of transposed and
nontransposed products. While accurate predictions are
not possible the ordinary artisan can readily ascertain
whether the desired 4A or 4B compound results and if
not the desired compound can be prepared by an alter-
nate procedure. |

The compounds of formula 1 ar cardiotonic agents
useful in the treatment of heart failure. The utility of
formula 1 compounds as cardiotonics and their ability
to enhance cardiac function may be determined by ad-
ministering the test compound (0.1-100 mg/kg) intrave-
nously, intraperitoneally, intraduodenally or intragastri-
cally in a suitable vehicle to a mongrel dog (either sex).
" The test dogs are anesthetized and prepared by isolating
a suitable artery (e.g., femoral or common carotid) and
vein (e.g., femoral or external jugular) and introducing
polyethylene catheters filled with 0.1% Heparn-Na to
record arterial blood pressure and administer com-

pounds, respectively. The chest is opened by splitting

the sternum at the midline or by an incision at the left
fifth intercostal space, and a pericardial cradle 1s formed
to support the heart. A Walton-Brodie strain gage is
sutured to the right or left ventricle to monitor myocar-
dial contractile force. An electromagnetic flow probe
may be placed around the root of the ascending aorta
for measuring cardiac output less coronary blood flow.
A catheter may also be put into the left atrium or the left
ventricle of the heart to record left atrial pressure or left
ventricular pressure. Heart failure is induced by admin-
istering sodium pentobarbital (20 to 40 mg/kg) followed
by a continuous infusion of 0.25-2 mg/kg/min. or
proranalol hydrochloride (4 mg/kg) followed by a con-
tinuous infusion of 0.18 mg/kg/min. to the blood per-
fusing the heart. Following administration of either of
these cardiac depressants, the right atrial pressure dra-
matic8lly increases and cardiac output is severly de-
pressed. Reversal of these effects by the test compound
indicates cardiotonic activity.

The compounds may be administered in various man-
ners to achieve the desired effect. The compounds may
be administered alone or in the form of pharmaceutical
preparations to the patient being treated either topi-
cally, orally or parenterally, that is, intravenously or
intramuscularly. The amount of compound adminis-
tered will vary with the patient, the severity of the
- cardiac failure and the mode of administration.

For topical, oral or parenteral administration the
cardiotonically effective amount of compound and the
amount required to enhance myocardial contractile
force is from about 0.1 mg/kg of patients body weight
per day up to about 400 mg/kg of patient body weight
per day and preferably from about 0.3 mg/kg of patient
body weight per day up to about 120 mg/kg of patient
body weight per day.

For oral administration a unit dosage may contain,
for example, from 5 to 700 mg of the active ingredient,
preferably about 15 to 500 mg of the active ingredient.
For parenteral administration a unit dosage may con-
tain, for example, from 5 to 700 mg of the active ingredi-
ent, preferably about 15 to 210 mg. Repetitive daily
administration of the compounds may be desired and
will vary with the condition of the patient and the mode
of administration.
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As used herein, the term “patient” is taken to mean
warm blooded animals, for example, birds, such as
chickens and turkeys, and mammals, such as sheep,
horses, bovine cows and bulls, pigs, dogs, cats, rats,
mice and primates, including humans.

For oral administration the compounds can be formu-
lated into solid or liquid preparations such as capsules,
pills, tablets, troches, powders, solutions, suspensions or
emulsions. The solid unit dosage forms can be a capsule
which can be of the ordinary gelatin type containing,
for example, lubricants and inert filler, such as lactose,
sucrose and cornstarch. In another embodiment the
compounds of general formulal 1 can be tableted with
conventional tablet bases such as lactose, sucrose and
cornstarch in combination with binders, such as acacia,
cornstarch or gelatin, disintegrating agents such as po-
tato starch or alginic acid, and a lubricant such as stearic
acid or magnesium stearate.

For parenteral administration the compounds may be
administered as injectable dosages of a solution or sus-
pension of the compounds in a physiologically accept-

~ able diluent with a pharmaceutical carrier which can be

23

a sterile liquid such as water, alcohols, oils and other
acceptable organic solvents with or without the addi-

" tion of a surfactant and other pharmaceutically accept-
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able adjuvants. [llustrative of oils which can be em-
ployed in these preparations are those of petroleum,
animal, vegetable or synthetic origin, for example, pea-
nut oil, soybean oil and mineral oil. In general, water,
saline, aqueous dextrose and relatled sugar solutions,
ethanola nd glycols such as propylene glycol or poly-
ethylene glycol or 2-pyrrolidone are preferred hiquid
carriers, particularly for injectable solutions.

"~ The compounds can be administered in the form of a
depot injection or implant preparation which may be
formulated in such a manner as to permit a sustained
release of the active ingredient. The active ingredient
can be compressed into pellets or small cylinders and
injections or implants. Implants may employ inert mate-
rials such as biodegradable polymers or synthetic sili-

cons, for example, Silastic, a silicone rubber manufac-

_tured by the Dow-Corning Corporation.
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The following specific examples further illustrate the
preparation and use of the compounds of formula 1 but
are not intended to limit the scope of the invention.

EXAMPLE 1

4-Ethyl-5-[4(1-Imidazolyl)phenyl-2(3H)-Oxazolone
1’-Imida 20yl-2-Aminobutyrophenone dihydrochloride
(3.2 g, 0.01 ml) was dissolved in water (40 ml) at 0" C.
and treated with N,N’-Carbonyidiimidazole (5.2 g) with
vigorous stirring. The resulting imidazoylacyl amde
was extracted with ethylacetate. The extract was dried
and evaporated to dryness. The residue was heated
under vacuum. Imidazole was eliminated leaving an
isoocyanate which upon further heating gave the
desired oxazolone, mp 263°-66° C. (dec.)

EXAMPLE 2
A tablet is prepared from

4-methyl-5-phenyl-2(3H)—oxazolone 250 mg
starch 40 mg
taic 10 mg
magnesium stearate 10 mg
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EXAMPLE 3

A capsule is prepared from

4-ethyl-5-(4-methoxyphenyl)-2(3H)— 400 mg

oxazolone

talc 4) mg

sodium carboxymethylceilulose 40 mg

starch 120 mg
We claim:

1. A method of treating heart failure in a patient in
need thereof which comprises administering to the pa-

tient a cardiotonically effective amount of a phenyi
oxazolone of the formuila

Rj Ry
—
H=—N O
S

L
Y

wherein Y is an oxygen or sulfur group;

R; is a hydrogen or a (C1-Cs) alkyl group and Rj1s a
phenyl group optionally substituted with one or
two members of the group consisting of (C1-Cs)
alkyl, (C1-Cs) alkoxy, (Ci-Cs) alkylthio, (C1-Cs)
alkysulfinyl, (C1-Cs) alkylsulfonyl, hydroxy, halo-
gen, cyano, carboxy, carb(C1-Cs) alkoxy, car-
bamido, (Ci-s) alkanoyl amino, imidazolyl, or tri-
fluoromethyl with a methylenedioxy group.

2. A method of claim 1 wherein Y is an oxygen group.

3. A method of claim 2 wherein Rj is a (C1-Cs) alkyl

group.

4. A method of claim 2 wherein R 1s an unsubstituted

phenyl group.
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5. A method of claim 3 wherein R is a substituted
phenyl group.

6. A method of claim 2 wherein R is a methyl, ethyl
or propyl group.

7. A method of claim 6 wherein R is a substituted
phenyl group.

8. A method of enhancing cardiac function in a pa-

" tient in need thereof which comprises administering to

the patient an effective amount of a phenyl oxazolone of
the formula

H—

Ri R»
7—<_
N O
S

I
Y

wherein Y is an oxygen or sulfur group;

R; is a hydrogen or a (C1-Cs) alkyl group and R 1s
aphenyl group optionally substituted with one or
two members of the group consisting of (C;-Cs)
alkyl, (Ci-Cs) alkoxy, (C1-Cs) alkylthio, (Ci-Cs)
alkysulfinyl, (1-Cs) alkylsulfonyl, hydroxy, halo-
gen, cyano, carboxy, carb (C;-Cs) alkoxy, car-
bamido, (C1-Cs ) alkanoyl amino, imidazolyl, or
trifluoromethyl with a methylenedioxy group.

9. A method of claim 8 wherein Y 1s an oxygen group.

10. A method of claim 9 wherein Rsis a (C1-Cs) alkyl

group.

11. A method of claim 9 wherein R 15 an unsubsti-

tuted phenyl group.

12. A method of claim 10 wherein R is a substituted

phenyl group.

13. A method of claim 10 wherein R; is a methyl,

ethyl or propyl group.

14. A method of claim 13 wherein R is a substituted
phenyl group.

* % X X ¥



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 4,866,085
DATED . September 12, 1989
INVENTOR(S) : Richard A. Schnettler, et al. PAGE 1 OF 2

it is certified that error appears in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

A+ column 1, line 4, the patent reads "divisional, of" and

should read --divisional of--.
At column 1, line 15, the patent reads "heat failure" and

should read --heart failure--.
At column 1, line 39, the patent reads "does” and should

read —--doses--.
At column 1, line 53, the patent reads "gyasocilator" and

should read --vasodilator--.

At column 2, line 15, the patent reads "alkyllthio,” and
'should read --alkylthio,--

At column 2, line 17, the patent reads "alkyoxy," and should
read --alkoxy--.

At column 4, line 64, the patent reads "kydroxy" and should
read --hydroxy--.

At column 4, line 67, the patent reads "reactant"” and should
read --reactants--,

At column 5, line 4, the patent reads "ehtyl" and should
read --ethyl--.

At column 5, line 12, the patent reads "ar" and should read
-—-are--, :

At column 5, line 37, the patent reads "proranalol” and
should read --propranalol--. ,

At column 6, line 32, the patent reads "ethanola nd" and
should read =--ethanol and--. -

At column 6, line 39, the patent reads "and injections or
implants" and should read --and implanted subcutaneously or
intramuscularly as depot injections or implants.--.

At column 6, line 41, the patent reads "silicons,"” and
should read --silicones,-—.

At column 7, line 32, the patent reads "(Ci-s)" and should
read --(C1-Cs).
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CERTIFICATE OF CORRECTION

PATENTNO. : 4,866,085
DATED . September 12, 1989
INVENTOR(S) : Richard A. Schnettler, et al. PAGE 2 OF 2

It is certified that error appears in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

At column 8, line 21, the patent reads "aphenyl" and should
read ——a phenyl--.

At column 8, line 24, the patent reads "(;-Cs)" and should
read -—-(C1-Cg)--. |

Signed and Sealed this
Fighteenth Day of September, 1990 |

Attest:

HARRY F. MANBECK, JR.

Attesting Officer Commissioner of Patents and Trademarks
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